scription of the nerve(s) involved were detailed for every patient undergoing CEA. The surgeon described the clinical manifestation of the nerve injury after surgery and usually commented on its status at discharge. All surgeons examined patients for motor deficits involving the seventh, 10th, 11th, and 12th cranial nerves as well as for the sympathetic chain (Horner syndrome). These deficits are defined as motor cranial nerve injuries in this study. A minority of surgeons also documented cutaneous sensory deficits in the distribution of the second through fourth cervical dermatomes. Following discharge from the hospital, all patients were examined by a neurologist at 4 months and 1 year after randomization and annually thereafter. The neurologist was asked to identify any cranial nerve lesions as a formal component of the study's neurological assessment. Patients in whom the neurologist recorded no signs or symptoms of a cranial nerve injury were assumed to be free from injury or to have had resolution of any initial deficit. Patients in whom a deficit was documented for 2 or more years following CEA were designated as having suffered a permanent nerve injury.
Statistical Analysis
Data for patients enrolled in the ECST were analyzed with the aid of statistical software (SAS version 8.0; SAS Inc., Cary, NC). Risk factors for cranial nerve injury were examined by performing univariate and multivariate analyses for the 1702 patients (98%) for whom complete data on all risk factors were available. Actuarial risks were calculated in relation to each of the following potential risk factors: male sex, age (per year), use of general anesthesia, carotid shunt or patch graft, presence of neck hematoma, operation performed on the left side, duration of the operation (per 30-minute increment), and surgeon's opinion of surgical difficulty. The statistical significance of differences between subgroups was assessed using the log-rank test. Risk factors were also analyzed by performing a multivariate analysis in both a standard and a stepwise Cox proportional hazards regression to determine the independent effects of these factors.
Results
Of the 1739 patients who underwent CEA in the trial, 109 (6.3%) were noted to have a nerve injury of some kind: one patient had a radial nerve injury, two patients' injuries were inadequately described, and 106 patients had one or more cranial nerve palsies, Horner syndrome, and/or injuries to cutaneous branches of the cervical plexus (that is, sensory deficits). All nerve injuries were ipsilateral to the side of the operation. Of these 106 patients, 98 had a single nerve injury and eight patients had two nerve injuries. All eight patients with two injuries had a cutaneous injury and a single motor cranial nerve injury. The following types of cranial nerve injuries were recorded: hypoglossal nerve palsy (36 patients); palsy of the marginal mandibular branch of the facial nerve (31 patients); recurrent laryngeal nerve palsy (17 patients); Horner syndrome (three patients); accessory nerve palsy (one patient); and sensory deficits in the distribution of the branches of the cervical plexus (26 patients). Excluding purely sensory deficits, 88 patients (5.1%; 95% CI 4.1-6.2) had a motor cranial nerve injury or Horner syndrome.
The durations of the various nerve injuries are summarized in Table 1 . Approximately one third of the deficits had resolved by hospital discharge. The risk of a motor cranial nerve injury or Horner syndrome persisting to discharge was 3.7% (95% CI 2.9-4.7). The vast majority (92%) of these deficits had resolved by the time patients returned for their 4-month follow-up visits. Only nine injuries remained at the 4-month follow up (0.5%; 95% CI 0.24-0.98); but all of these deficits persisted at the 2-year follow up.
The results of the univariate analysis of risk factors for cranial nerve injury are shown in Fig. 1 . The use of a patch graft and the duration of operation were associated with an increased risk. The results of the multivariate analysis of the same risk factors are shown in Table 2 . Again, an increased duration of operation was associated with an increased risk of cranial nerve injury. For every 30 minutes of operative time, the odds ratio for a nerve injury increased by a factor of 1.5. The use of a patch graft was not a risk factor according to the multivariate analysis. A Cox stepwise regression was used to identify the duration of operation over 2 hours (hazard ratio 1.56, 95% CI 1.31-1.81 per 30-minute incre- 
* Marginal mandibular branch of the facial nerve. † Cutaneous deficit in the distribution of the C-2, C-3, or C-4 nerves. ment, p Ͻ 0.0001) as a significant predictor, even when the patient's age was kept in the model.
Discussion
The reported incidence of cranial and cervical nerve injury after CEA is highly variable. A review of retrospective studies shows a low incidence of cranial nerve injury when compared with prospective studies. 8, 11, 15 In the few well-designed published prospective studies, patients underwent both pre-and postoperative otolaryngological examinations. 1, 6, 7, 14 Many of the postoperative deficits reported in these studies were asymptomatic. Hertzer, et al., 7 reported a 16% incidence of motor cranial nerve dysfunction following postoperative neurological and otolaryngological examinations, but 40% of the affected patients were asymptomatic. The incidence of symptomatic motor cranial nerve injury in that study was 9.6%, which is closer to the incidence reported in most series. An additional factor that contributes to the variability of reported risks is the variation in definition of cranial nerve injury. Some studies included sensory deficits in the distribution of the branches of the cervical plexus, whereas others excluded them.
Asymptomatic cranial nerve injuries were not documented in the ECST and this omission contributes to the low risk of cranial nerve injury compared with prospective studies in which more sensitive measures (for example, otolaryngoscopy) were used. The 5.1% risk of immediate postoperative motor cranial nerve injury in the ECST is also lower than the 8.6% risk reported in the North American Symptomatic Carotid Endarterectomy Trial. 5 In the ECST, however, the initial clinical assessment was made by the operating surgeon, and the patient was not examined by a neurologist until a few months later. For these reasons it is likely that the ECST data contain an underestimation of the immediate postoperative risk. Nevertheless, this trial does provide reliable data on the risk of persistent symptomatic deficits during longer-term follow up.
The majority of motor deficits in the ECST involved the hypoglossal, facial, and recurrent laryngeal nerves (Table  1 ). Approximately two thirds of these injuries persisted beyond discharge, but 92% resolved by 4 months. Only 8% of the injuries were permanent, providing an overall risk of 0.5%. The transient nature of most of the deficits is consistent with findings of previous studies. Schauber and colleagues 14 conducted a prospective study of 183 patients undergoing CEA and found that 26 patients (14%) suffered cranial nerve injuries, but only two of these sustained permanent deficits. The low risk of permanent cranial nerve deficit defined in this and other studies does not detract from the stroke risk reduction benefit conferred by CEA for patients with severe symptomatic stenosis.
No previous published study has contained an analysis of risk factors for cranial nerve injury during CEA. Most authors have merely reported the incidence of this injury and have asserted that knowledge of the anatomy and a meticulous surgical technique are necessary to maintain an acceptably low risk of injury. We found that the duration of operation was a significant independent risk factor for nerve injury: for every 30 minutes of operative time, the odds ratio for a nerve injury increased by a factor of 1.5. Given this relationship between operative time and injury, it seems likely that most nerve injuries result from a traction injury to the nerve(s). It is logical to assume that the longer a nerve is mechanically retracted to provide exposure during the surgical procedure, the greater the risk of a traction injury. A traction injury could also account for the transient nature of the deficits. Because the integrity of the nerve itself is not usually violated, most patients regain normal function within weeks to months after the surgery.
Although in many cases the duration of the procedure is probably a result of a more challenging surgical exposure, a surgeon's perceived difficulty of the procedure (easy, average, or difficult) did not reach significance as a risk factor. This may reflect the subjective nature of what constitutes "difficulty" in an operation. Patient age approached significance as a risk factor, with younger patients being at increased risk, although the reasons for this observation, if real, are not clear. Other factors not analyzed in this study that may influence the risk of a cranial nerve injury include the body habitus and the vertebral level of the common carotid bifurcation.
Conclusions
The risk of sustaining a motor cranial nerve injury from CEA that persists beyond the first few postoperative days is approximately 4%. The risk of permanent symptomatic deficit, however, is only approximately 0.5%. Nevertheless, it is important that the operative risk of cranial nerve injury is communicated to patients prior to surgery.
